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/ " "" NTRODUCTION

A study was undertaken relative to the melt-pour of type 1 (75/25)
octol,, for the).Chaparral-warhead-. It was desired to pinpoint and
correct cavitation defects (which occurred periodically) by means of
an examination of operations and lot characteristics.

PROCESS

Type 1 (75/25) octol is charged into a melt kettle and the melt
temperature is raised to a minimum of 87.8*C (190*F), Upon the melt-
ing .•f the octol, HMX is suspended in molten TNT. Calcium silicate
(ref. .1) amounting to 0.4% of the batch weight is next added to the
explosi.:-,-in the kettle. The temperature is then increased to 90.6%C
(195"F) \ vacuum ranging from 635.0 to 660.4 mm (25 to 26 in.) is
applied to the vessel for 30 minutes.

Warheads positioned on a rack in a buggy, each fitted with a
"loading former-funnel and each previously preheated to 81.1IC (178'F),
are wheeled under the kettle to receive the product. A short hose
equipped with pinch valve and attached to the outlet valve of the
vessel reaches every warhead in the rack. With both valves open, an
operator guides the flow of the explosive to each warhead by manipu-
lating the pinch valve on the hose.

After loading is completed, the buggy of loaded warheads is
transferred to the cooling bay. The rack controls the height and

* - location of each warhead so that the loading funnels are centrally
positioned between the heated panels in the bay.

L For a minimum of 4 hours, as the warheads cool, heat is main-
tained on the panels surrounding the funnels. At the end of the

j " 4-hour period, the heat to the panels is turned off and the warheads
are allowed to cool completely.

Upon completion of cooling, the warheads are forwarded to subse-
quent operations. These involve drilling, cleaning of threads in the
warhead, weighing of the loaded warhead, assembly of component parts,
x-ray, inspection, painting, marking, and pack-out.

When cavitations occur in the warhead, as determined by the x-ray
examination, the warhead is returned for disassembly, deep drilling of
the cavity, and repour with the molten explosive.

, -- - - - - - - - - - , - - - -El. ....k.. . ... .
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OPERATING PARAMETERS

In order to maintain strict control of the process and minimize
operating variables, the following parameters were used in most in-
stances (also, 3ee table 1).

Kettle size: 0.28 n3 (75 gal.)

Batch size: 190.5 kg (420 lb)(approx.)

Mix cycle time:

Melt cycle: 60 min
Vacuum cycle: 30 min

Mix temperature: 87.8 to 93.3 0 C (190 to 200 0 F)

Kettle agitator speed:

Mix cycle: 40 ± 5 RPM
Melt-pour cycle: 15 to 20 RPM

Vacuum: 584.2 to 660.4 mm (23 to 26 in.)

Kettle outlet valve temperature (oil heated): 93.3 to 96.1*C
(200 to 205 0F)

Heat transfer fluid temperature (for oil heated panels):
121.10C (250"F) (approx.)

RESULTS AND DISCUSSION

The lots used were procured from the Holston Army Ammunition
Plant (AAP)(vendor) Kingsport, Tennessee, and complied in all respects
with military specification for chemical and physical properties of
octol (ref. 2) (tables 2 and 3). This specification states that
type 1 (75/25) octol shall consist of grade B HMX (98% minimum purity)
and that 100% of the IMX shall pass through a No. 8 US standard sieve.
There are no additional granulation requirements. A blend of grade A
and grade B HMX may be used provided that the mathematical weighted
average of the blend's purity is 98 percent minimum. The TNT used
shall conform to the military specification for type 1 (ref. 3). The
TNT in current use is in flake form.
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The relationship of warhead rejects to viscosity and to particle
size distribution of IMX was examined (tables 4 and S). Lots with a
viscosity efflux value under 11 seconds in most cases gave the fewest
rejects. Regarding particle size distribution of HMX, variations
existed within the same lot. However, material with coarser sized
particles of 1MX, on a lot-to-lot basis, generally produced the fewest
rejects. Although both ARRADCOM and the vendor used the military
specification (ref. 5) method, there is no correlation between the
ARRADCOM lab assay values for viscosity efflux data and that of the
vendor.

The Naval Weapons Center, China Lake, California, has performed
work relative to HMX compositions with binder (ref 4). In the develop-
ment of these compositions, it became apparent that the physical
characteristics of the HMX filler--specifically, particle size dis-
tribution--were of extreme importance relative to maximum solids
loading and freedom from voids. Of many distributions tried, ýý tetra--; modal distribution high in class D (class 4) H4X, with lesser peaks

at 200, 30, and about 7 microns, gave the best oierall results. Spe-
cification requirements (ref. 5) for class D (clas, 4) JMX granulation
are:

US standard Class D (class 4) IMX
sieve number •re-t through sieve)

8 100
12 85 (min)
35 10 to 40
so

100 IS (max)
120
200
325

II CONCLUS IONS

On the basis of the data presented the use of low viscosity octol,
linked with coarser granulation characteristics of HMX, should opti-
mize the melt-pouring phase of operations for Chaparral and should
assure end item loading success.

3
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RECOMMENDATIONS

"Trial batches of type I (75/25) octol should be procured from
Holston AAP with the followingfeatures:

1. Viscosity efflux value of 10.5 seconds maximum, instead
of 15 seconds maximum as specified by reference 2.

2. Particle size distribution high in class D (class 4) HMX
granulation as specified by reference 4 but having coarser granulaItion
characteristics.

Feasibility studies should then be conducted evaluating process
and prcduct behavior relevaut to, the melt pouring of the warhead.'
The studies should also include economic and capacity impact analyses
on the part of Holston AAP to produce low viscosity octoL2 with gran-
ulation features as described.

REFERENCES

1. Military Specification, Calcium Silicate, Technical, MIL-C-S1077,
Amendment 2, dated 2 October 1969.

2. Military Specification, Octol, MIL-O-4S445B, Amendmeit 1, dated
14 March 1977.

3. Military Specification, Trinitrotoluene (TNT), MIL-T-248C,
Interim Amendment 1, dated 30 March 1976.

, 4. B. W. Stott and L. E. Koch, "Optimization of Filler Size Distribu-
tion for Preparing Castable Plastic Bonded Explosives," NWC
Report 5216, China Lake, CA, May 1972.

i 5. Military Specification, HMX, MIL-H-45444B, Amendment 2, dated
12 July 1977.

4 6. Military Specification, Warhead, Guided Missile, HE, M250,
Loading, Assembly, and Packing, MIL-W-50848C, Amendment 2,
dated 10 July 1978.

'The cost of renovating a rejected warhead amount to about $300.
2The current type 1 (75/25) in use costs $4.45 per pound.
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